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ABSTRACT OF THE DISCLOSURE 

Tho present invention provides a sinierr-d silicon carbide 
jig production method capable of simply increasing the puritv 
of a sinu-rcd silicon carbide jig. A method of producing a 
sintered silicon carbide jig comprising a process in which 
a soaond sintered body is heated at a temperature rising rate 
of 3 to 5°C/min up to heating treatment temperature selected 
in the range of 2200 to 2 300°C under an argon atmosphere, kept 
at the same heating treatment temperature for 3 hours, and 
cooled at a temperature lowering rate of 2 to 3°C/min down 
■_o 1000°O. 
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METHOD Of PRODUCING SINTERED SILICON CARBIDE JIG USED FOR 
PRODUCING SEMICONDUCTOR AND SINTERED SILICON CARBIDE JIG 
OBTAINED BY THE SAKE PRODUCTION METHOD 



5 Related Application 

This application claims benefit of priority based on 
Japanese Patent Appl ication £ i led previous! y by the appl i cant , 
namely, Japanese Patent Application No. 2001-343427 (filing 
date: November 8, 2001), the contents of which are herein 

10 incorporated by reference. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a method of producing 
15 a sintered silicon carbide jig used for producing 

semiconductors, and a sintered silicon carbide jig obtained 
by this production method. More specifically, the present 
invention relates to a method of producing a sintered silicon 
carbide jig suitable for production of a dummy wafer, and a 
20 dummy wafer obtained by this production method. 

2. Description of the Related Art 

Conventionally, a sintered silicon carbide jig has been 
paid to attention as a material used in the high temperature 
25 range since it has excellent properties such as high 

temperature strength, heat resistance, friction resistance, 
chemical resistance and the like. Recently, a sintered 
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silicon carbide j ig is used as an a 1 terna: ive mater ia 1. to quartz 
as a production jig for semiconductors. 

For use of the above-mentioned sintered silicon carbide 
as a semiconductor-related part, high purity is necessary. 
Since it is essential that further high purification is 
required in the further, development of a sintered silicon 
carbide j ig of higher purity is required. 

In technologies relating to conventional sintered silicon 
carbide jigs , however, close attention is necessary for 
improving the purity of a sintered silicon carbide jig and 
there remains room for improvement in complicated operation 
processes and the like. 

SUMMARY OF THE INVENTION 

The present invention relates to the following described 
ma 1 1 e r s . 

<1> A method of producing a sintered silicon carbide jig 
used for producing semiconductors, comprising: 

(a) sintering either a mixture of a silicon carbide powder 
and a nomne ta i -ba sed sintering aid or a molded body prepared 
from the above-mentioned powde r mixture , by a hot press method 
to obtain a first sintered body, 

(b) subjecting the above-mentioned first sintered body 
to working-treatment to obtain a second sintered body, 

(c) subjecting the above-mentioned second sintered body 
to heat treatment under an argon atmosphere at 2000 to 2400°C, 
zo outward-diffusing impuri ties in the above-mentioned second 
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sinuered body to remove the impurities to obtain a third 
sintered body, 

(d) subjecting the above-mentioned third sintered body 
lo surface working treatment to obtain a sintered silicon 

5 carbide jig, and 

(e) washing the above-mentioned sintered silicon carbide 

j ig. 

<2> The method of producing a sintered silicon carbide 
jig according to <1>, wherein, in the above-mentioned process 
10 (c) , the above-mentioned second sintered body is subjected 
to heat treatment under an argon atmosphere at 2200 to 2300°C. 

<3> The method of producing a sintered silicon carbide 
jig according to <1> or <2> , wherein, in the above-mentioned 
uiucess (c) , the dbov>.— mentioned second sir. tei ed body is heated 
15 at a temperature rising rate of 5°C /min up to heat treatment 
temperature selected in the range from 2200 to 2300°C at a 
pressure of 0.05 to 0.1 kg/cm 2 under an argon atmosphere, kept 
at the above-mentioned heat treatment temperature for 1 to 
5 hours, and cooled at a temperature lowering rate of 3°C /min 

20 down to 1000 C C. 

<4> The method of producing a sintered silicon carbide 
jig according to any one of <1> to <3> , wherein the Fe 
concentration on the surface of the sintered silicon carbide 
J ig after the above-mentioned process (e) is 0 . c ,xlO :0 atms/crn' 

25 or less . 

<5> The method of producing a sintered silicon carbide 
jitj according to any one of <1> to<4>, wherein the total impurity 
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concentration on the surface of the sintered silicon carbide 
jig after the above-mentioned process (e) is 1.0xlC :< atms/cm : ' 
or less. 

<6> A sintered silicon carbide jig produced by the 
production method according to any of <!> -co <5> . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There has been required a method of producing a sintered 
s 1 i i co n carbide ~_ i g capable of s impl y i mp ro v i rig :he pu rity 
oC a sintered silicon carbide jig. Further, the embodiment 
of the present invention has been made to obtain a sintered 
silicon carbide jig of high purity. 

First, raw materials used for production of a sintered 
5 i 1 i c o n c a rfo i d e j i g o f 1 1*; e pre.se n t i n v e r. t i o n w :. J ] b e ?xpi a i red. 
(Raw ma to r i. a .1 s ) 
-Silicon carbide powder- 

The silicon carbide powder used as the raw material of 
a sintered silicon carbide j ig of the embodiment of the present 
invention includes an a type powder, P type powder, amorphous 
powder and mixtures thereof and the like, and particularly, 
a P type silicon carbide powder is suitably used. The grade 
of this P type silicon carbide powder is not particularly 
restricted, and for example, generally marketed P type silicon 
carbide powders can be used . It is preferable that the particle 
size of this silicon carbide powder is smaller from the 
standpoint of increase in density, and it is preferably from 
about 0.01 to 10 U:n, further preferably from about 0.0 5 to 
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1 n m . When the particle size is less than 0.01 urn, handling 
in treating processes such as measurement, mixing and the like 
is difficult, an when over 10 Urn, its specific surface area 
becomes smaller, namely, contact area with adjacent powders 
5 becomes smaller, and increase in density is difficult, 
undesirably . 

AS a suitable embodiment of a sil icon carbide powder , those 
having a particle size of 0.05 to 1 Urn, a specific surface 
area of 5 m'/g or more, a free carbon content of 1% or less 
10 and an oxygen concent of 1% or less are suitably used. The 
particle size distribution of a silicon carbide powder used 
is not particularly restricted, and that having two or more 
maximum values can also be used, from the standpoints of 
increase in the filling density of a powder and the reactivity 
15 of a si: icon carbide, in producing a sintered silicon carbide 

j Mr- 

For obtaining a sintered sil icon carbide j ig of high density , 
it is advantageous to use a silicon carbide powder of high 
density, as a raw material silicon carbide powder. 
20 A si: icon carbide powder of high density can be obtained 

by a production method comprising a calcination process in 
which a silicon source containing at least one or more liquid 
silicon compounds, a carbon source containing at least one 
or more liquid organic compounds producing carbon by heating, 
25 and a polymerization or cross-linking catalyst are uniformly 
mixed to obtain solid which is then calcinated under a 
non -oxidation atmosphere. The silicon source containing 
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iiquid silicon compounds, for example, a liquid silicon 
compound can also be used together with a solid silicon 
compound . 

As the silicon compound used for production of a silicon 
c a r b i d & po w d e r o f h i cj h p u i: i t y (herein a f :er # a pp c o p r i a t e 1 y 
referred as silicon source) , those in liquid form and those 
in solid form can bo used together, however, at .east one of 
then should be selected from liquid compounds. As the J iquid 
compound, polymers o C alkoxysilanes (mono-, di-, tri-, tetra-) 
and tetraalkoxysiianes are used. Of aikoxysi lanes , 
t e t raa 1 koxys i 1 a nes a r e su i Labi y us ed . Spec i f ica 1 .1 y , 
meihoxysi lane , o thoxys i lane , propoxysi lane , bu toxysi lane and 
Lhe like are listed, and ethoxysilane is preferable from the 
s Laiidpoin L of hcjiul ii.y - As Lhe polymer of Let raa 2 koxi s i lanes , 
there aire mentioned lower molecuJar weight polymers 
(ol igomers) having a degree of polymerization of about ?. to 
lb and silicic acid polymers having higher polymerization 
degree in the form of liquid. Mentioned as the solid compound 
which can be used together with these compounds is silicon 
oxide. This silicon oxide includes, in the embodiment of the 
present invention, silica sol (colloidal super fine 
silica-containing liquid, containing an OH group or alkoxyl 
groupinside) ,silicondioxide (silicagel, f inesilica, quartz 
powder) and the like, in addition to SiO. 

Of these si 1 icon sources , anoligomerof tet raethoxysi lane 
and a mixture of an oligomer - of tet raethoxysi lane and fine 
powdery silica, and the like are suitable from the standpoints 
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of excellent uniformity and excellent handling. As these 
silicon sources, substances of high purity arc used, and those 
having an initial impurity content of 20 ppm or less are 
preferable and those having an initial impurity content cf 
5 5 ppm or less are further preferable. 

As the organic compound producing carbon by heating used 
in producing a silicon carbide powder of high purity, those 
in liquid form can be used and additionally, those in liquid 
form can be used together with those in solid form, and 
10 preferable are organic compounds having high actual carbon 
ratio and being polymerized or cross-linked with a catalyst 
or by heating, specifically, monomers and prepolymers of resins 
such as a phenol resin, furar. resin, polyimide, polyurethane , 
polyvinyl alcohol and the like, arid in addition, liquid 
15 compounds such as cellulose, sucrose, pitch, tar and the like 
are used , particularly, resol type phenol r es i i.s a re pre f e rabie . 
Though the purity thereof can be appropriately controlled and 
selected depending or. its object, it is desirable to use an 
organic compound not containing each metal of 5 ppm or more 
20 particularly when a silicon carbide powder of high purity is 
necessary . 

The ratio of carbon to silicon in the embodiment of the 
present invention (hereinafter, abbreviated as C/Si ratio) 
is defined by element analysis of a carbide intermediate 
25 obtained by carbonizing a mixture at 1C00°C. 

Stoichiometricaily, when theC/Si ratio is 2.0, the free carbon 
content in the produced silicon carbide should be 0%, however, 
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aciuaily, free carbon is generated at lower C/Si ratio, by 
evaporation of a SiO gas produced simultaneously. It is 
important :o previously determine composition so that the free 
carbon content in - his produced silicon carbide powder is not 
an amount unsuiub'.e for production of a sintered body and 
the like. Usually, in calcination at a temperature of 1600°C 
ormore and a pressure around 1 a tin, free carbon can be control 1 ed 
when the C/Si ratio is regulated to 2 . 0 to 2 . 5 , and this range 
can be suitable adopted. When the C/Si ratio is 2.5 or more, 

10 free carbon increases remarkably, however, this free carbon 
has an effect of suppressing grain growth , therefore , the ratio 
may also be appropriately selected depending on the object 
of particle formation. In calcination ai a lower or higher 
ct Lmospl.ere pressure, however, the C/Si ratio for obtaining 

15 a pure silicon carbide varies, therefore, in this case, its 

■< 

range is not necessarily restricted to the above-mentioned 
C/5i ratio. 

An action in sintering free carbon is. very weak as compared 
with that of carbon derived from nonmeta 1 -based sintering aid 

20 coated on the surface of a silicon carbide powder used in the 
embodiment of the present invention, therefore, is can be 
ignored basically. 

For obtaining sol id prepared by uniformly mixing a silicon 
source and an organic compound producing carbon by heating 

^5 in the embodiment of the present i avert t ion , it is also effected 
that a mixture of a silicon source and the organic compound 
is hardened to give solid, if necessary. As the hardening 
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: „„._hod, there are men cloned a method of cross- -1 inking by 
heatir.c, a me-- hod of hardening with a hardening catalyst, and 
a method .sing el.ci.ro beam or radiacion. The hardening 
,-ata: yst can be appropriately selected depending on Che si U con 

5 source, and in the case of a phenol resin and a furan resin, 
there are used acids such as tol uenesul fonic acid, 
-nluenecarboxylic acid, acetic acid, oxalic acid, 
hydrochloric acid, sul furle acid and the like, and amines such 
as hexoioine and the like. 
10 This raw material mixed solid is carbonized under heat 

if necessary. This is conducted by heating the solid in a 
non-oxidation atmosphere such as nitrogen or argon and the 
like at 800 to 1000'C for 30 to 120 minutes. 

Further, this carbide is heated in a nor.- oxidation 
15 atmosphere such as argon and the like at 1350«C or more and 
20C0 o C or less . to produce a silicon carbide . The calcination 
temperature and time can be appropriately selected depending 
on properties such as desired particle size and the like, and 
for more efficient production, calcination at 1600 to 1900°C 

20 is desirable. 

When a powder of higher purity is necessary, impurities 
car, be further removed by per forming heating treatment a I 2000 
to 2100°C for 5 to 20 minutes in the above-mentioned 
calcination . 

25 As described above, as the method of obtaining a silicon 

carbide powder of particularly high purity, there can be used 
othod of producing a raw material powder described in a 



a mo 
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method of producing a single crystal filed previously as 
Japanese Patent Application No. .47-241856 by the present 
applicant, namely, a method of producing a silicon carbide 
powder of high purity, characterized in that the method 
crimp rises a silicon carbide production process of uniformly 
mixing one or more compounds selected from tetraaihoxysil anes 
of high, purity and t e traa 1 jtoxysi.l ane polymers as a silicon 
source and an organic compound of high purity producing carbon 
by heating as a carbon source, and calcinating by heating, 
under a r.on-oxidat ion atmosphere, the tesul Led mixture to 
obtain a silicon carbide powder, and a post treatment process 
in which the resulted silicon carbide powder is maintained 
at temperatures of 1700°C or more and less than 2000°C, and 
1 1 e - t L i ea Line r. t a t Lenpe r a t u r c- s of 2 00 0 to 2100 °C f o r c , to 7 0 
minutes r. s conducted at least once during the abovo-mentionod 
tempera jure, maintenance, wherein the above-mentioned two 
processes are conducted to obtain a silicon carbide powder 
having a content of each impurity element of 0.5 ppm or less. 
- Nonmeta I -based s in teri ng a id- 

As the nonmetal-based sintering aid used in admixture with 
the above-mentioned silicon carbide powder in producing a 
sintered silicon carbide of the embodiment of the present 
invention, a substance referred to as so-called carbon source 
producing carbon by heating is used, and listed are organic 
compounds producing carbon by heating or silicon carbide 
powders {particle site: about 0.01 to 1 Um) having surface 
coated with these organic compounds, and the former is 
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preferable from the standpoint of its effect. 

As the organic compound producing carbon by heating, -here 
are specifically listed coal tar pitch, pitch tar, phenol 
resins, furan resins, epoxy resins and phenoxy resins, and 
5 various saccharides such as monosaccharides such as glucose 
and the like, oligosaccharides such as sucrose and the like, 
polysaccharides such as cellulose, starch and the like, having 
high actual carbon ratio. As these compounds, there are 
su i -ably used those in the tormof 1 iquid a t normal temperature , 
10 those dissolved Ln a solvent, and those having a property of 
softening cr becoming liquid by heating such as 
ihermoplasticity or heat fusion property, nor the purpose of 
uniform mixing with a silicon carbide powder, and of them, 
: table are phenol resins giving a molded body of high strength , 
15 particularly, rpsol *ype phenol resins. 

It is believed that this organic compound produces, when 
heated , an inorganic ca rben-based compound such as carbonblack 
and graphite in the system, and this compound acts effectively 
as a sintering aid. The effect of the embodiment o f the present 
invention cannot be obtained even if carbon black or graphite 
powder is added as a sintering aid. 



20 



(Method o: producing sintered silicon carbide jig) 

Next, one embodiment will be mentioned to explain a method 
25 of producing a sintered silicon carbide jig used for producing 
semiconductors. The above-mentioned method of producing a 
sintered silicon carbide jig of the embodiment of the present 
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invention comprises the following process (a) to <e> of: 

(a) sintering either a mixture of a silicon carbide powder 
and a nonmetal-based sintering aid or a molded body prepared 
f rom the above-mentioned powder mixture, by a hot press method 

5 to obtain a first sintered body, 

(b) subjecting the above-mentioned first sintered body 
to discharge working or mechanical working treatment to obtain 
a second sintered body, 

(c) subjecting the above-mentioned second sintered body 
1 0 t o heat t r ea t :n e ri t u nd e r a n a rgo n a trno sphere at 2000 t o 2 A 0 0 °C , 

to o b ta i r . a third s : n t e r e cl I") o d y , 

(d) subjecting the above-mentioned third sintered body, 
t o s u r f a c e w o r V. i no t r e a tine n t to ob ta i n a sintered silicon 

u : i j i d e j i y , a i. cl 

15 ( ^ ) washing thr- ab^ v^-men t i oned sintered silicon carbide; 

j ig . 

By providing the process (c) , impurities in the second 
sintered body are outwa rd- di f f us ed , therefore, the purity in 
the finally obtained sintered silicon carbide jig will 
20 increase . 

This effect is really surprising since it has been 
conventionally believed that when heat treatment is conducted 
before surface working, impurities are outward-diffused and 
the purity of the finally resulting sintered silicon carbide 
25 j i g I owe rs . 

In the embodiment of the present invention, 
"outward-di f f usion " means that impurities in the second 



3NSDOClD:<CA 24661 83A1 I > 



CA 02466163 2004-05-10 



- 13 



sintered body are diffused onto the surface of the second 
sintered body and the impurities are diffused (released) into 
, gas phase, to decrease the impurity concentration in the 
s , cc .nd sintered body. "Diffusion" has a wider meaning 
5 including also an idea of the above-mentioned 
outward -diffusion. 

Subsequently, individual processes in the method of 
producing a sintered silicon carbide jig of -.he embodiment 
of the present invention will be illustrated further in detail . 
10 <Process (a) > 



(a-1) : 



rn producing a sintered silicon carbide jig of -.he 

&wb odimentof the present invention, first, a silicon carbide 

powder and a r.onmetal -based sintering aid described in the 

.5 former stage of this specification are uniformly mixed, to 

obtain a mixture of the silicon carbide powder and the 

no.uneu.1 -based sintering aid. In this procedure, it is 

preferable that a nonmetal-based sintering aid is dissolved 

or dispersed in a solvent before mixing with a silicon carbide 

20 powder. As the solvent, those suitable for a compound used 

as a nonmetal-based sintering aid can be selected, and 

specifically, for a phenol resin which is a suitable organic 

compound producing carbon by heating, it is possible to select 

lower alcohol such as ethyl alcohol and the like, and ethyl 

- t,^ -i-H t}-p 3ik*-. Also reqarding zhis 
25 other, acetono olid ni.e ±xr^~. 

nonmetal-based sintering aid and solvent, it is preferable 
to use those having s low impurity content. 
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When the addition amount of a nonmeta 1 -based sintering 
a id mixed withasil icon carbide powder is too srnal 1 ,. the dens i ty 
of a sintered body does not increase, and when the addition 
amount thereof is too large , the amount of free carbon contained 
i n a s in te red body i r. r roa s es , ca us i ng . a pos s ibi 1 i t y c f 
disturbance of increase in density , therefore, it is generally 
preferable to control ~hr> addition amount: to 10 wt% or 1prs ( 
preferably 2 to b wt%, depending on the kind of a nonmetal -based 
sintering aid used. This amount can be determined by 
previously quantifying the amount of silica (silicon oxide) 
on uhe surface of a silicon carbide powder using fluorine, 
and calculating an amount s t.oicn iometrical 1 y sufficient for 
its reduction. 

T I -. e a c id i t i o n a mo _i r» i: in t e rrr. s of carbon a mo u r.t is a va 1 u e 
obtained by hypothesizing that silica quantified by the 
above-mentioned method is reduced by carbon derived from a 
nonmetal -based sintering aid according to the following 
chemical reaction formula and taking into consideration the 
actual carbon ratio after thermal decomposition of a 
nonmetal -based sintering aid (proportion of carbon production 
in a nonmetal -based sintering aid) . 
SiCK + 3C SiC + 2CO 

In the sintered silicon carbide jig of the embodiment of 
the present invention, it is preferable that the total amount 
of carbon atoms derived f rom a silicon carbide and carbon atoms 
derived from a nonmeta I -based sintering aid, contained in a 
sintered silicon carbide jig, is over ?>0 wt% and 40 wt% or 
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less . When a sintered silicon carbide ;ig contains utterly 
no impurity , the content of carbon atoms in the above-mentioned 
sintered body jig is theoretically 30 Namely, when the 

proportion of impurities contained in the above-mentioned 
5 sintered body : Ig increases, the content of carbon atoms in 
the sintered body jig is 30 wt% or less, undesirably. When 
the content is over 40 wt%. the carbon content increases and 
the density of the resulting sintered silicon carbide jig 
decreases, and various properties of the sintered silicon 
10 carbide jig such as strength, oxidation resistance and the 
like deteriorate, undesirably. 

ir. uniformly mixing a silicon carbide powder and a 
nonmetai-based sintering aid, it is preferable, a, described 
above, that a phenol re. in wh i ch is a nc.nn.eta 1 "based sinter A ng 
15 aid is dissolved in a solvent such as ethyl alcohol and the 
like and sufficiently mixed with a silicon carbide powder. 
Mixing can be conducted by a known mixing means, for example, 
a , ni xer, planet ball mi 1 1 and the like. It. is preferable that 
rnixirkj is conducted for 10 to 30 hours, particularly, for 16 
20 to 24 hours. After sufficient mixing, a solvent is removed 
at temperatures suitable for the physical properties of the 
solvent, for example, at temperature from 50 to 60°C in the 
case of ethyl alcohol listed previously, and a mixture is 
evaporated to dryness, then, sieved to obtain a raw material 
25 powder of the mixture. From the standpoint of increase in 
purity, it is necessary that materials of a ball mill vessel 
and a ball are made of synthetic resins having as low metal 
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contcnt as possible. In drying, a granulation apparatus such 
a s a s p ray d r 1 e r and !;he 1 i k e ma y be u s ed . 

A molded body of a mixture of the above-mentioned powder 
or a mixture of a po wd e r. oh t a 1 n ed by t h e mo 3 d i r: g p r o c e s s { a -- 2 - 2 ) 
described later is placed in a molding metal moid under a 
r. on t ox i da 1 3 on at mo sphere at a tempera t: ure of 2000 to 2 A 0 0 °C 
and a pressure of 300 to 700 kgf/cm\ and ho: -pressed to produce 
a f i r s t s i n t e r ed body . Rega r d i ncj the rno 1 d i i\q me t a 1 mo Id herein 
used, it is preferable that a par: or all of the mold is made 
of a graphite material or a Teflon sheet or the like is allowed 
to intervene in the mold so that the molded body and a rnetaJ 
po r t ion o £ the mo I d do no t d i r.ec t "i y con Lac t , f roin th e s candpo i n t. 
o f the i-'U i 1 t y o f v. h e r e s u 1 1 i n g sinter ed body . 

The pressuri?.ct;on rendition of the above-mentioned hot 
press is preferably 300 to 700 kgf/cm*. When the 
pressur iza tidn condition is less than 300 kgf/cm*', increase 
ir: density is insufficient, and when over 700 kgf/cm 2 , breakage 
of a molding mold such as a graphiie mold or the like is caused, 
leading to undesirable production efficiency. The pressure 
in pressurization can be selected depending on the particle 
size of a raw material powder, and a raw material powder having 
smaller particle size can provide a suitable sintered body 
even if pressure ir. pressu ri zat ion is relatively smaller. In 
the case of press uri zat ion at 400 kgf/cm 2 or mere, it is 
necessary to select hot press parts herein used, for example, 
a dice, punch and the like, having excellent pressure 
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Los is banco . 

Temperature is raised from 1500°C up to a maximum 
remperature of 2000 to 2400°C over a period of .? to 4 hours. 
Tn this case, sintering progresses quickly at 1350 to 1900°C . 
5 Further, this maximum temperature is maintained for 1 to 3 
hours to complete sintering. When the maximum temperature 
is less than 2000°C, inar^&s^ in density is insufficient, and 
when over 24C0 U C, there is undesirably a possibility of 
sublimation (decomposition) of a powder or molded body raw 
10 :na l.erial . 

Msg in this sintering process, a graphite mold, a heat 
insulation material or a heating furnace, and the like are 
preferably made of a graphite raw material of high purity from 
L „e standpoint of maintenance of the purity of the resulting 
15 first sintered body, and a graphite raw material subjected 
to purity increasing treatment is used, and specifically, 
materials which can bo sufficiently baked previously at 
temperatures ot 2S00°C or more and generating no impurity at 
the sintering temperature are desirable. Further, also 
20 regarding an inert gas used, those of high purity containing 
little impurities are preferably used. 
(a-1-2) : 

In the embodiment of the present invention, a sintered 
silicon carbide having excellent properties is obtained by 
25 effecting the above-mentioned sintering, and from the 

standpoint of increase in volume, a molding process described 
later may be performed prior to this sintering. 
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The molding process is a process in which a si.l icon carbide 
powder and a non.Tiet.aL -based sintering aid are uniformly mixed 
•r.o obtain a raw material powder which is placed in a molding 
met a i moid, and heated and pressed at temperatures in the ranee 
5 of SO co 3C0°C over 5 to CO minutes, to prepare a molded body 
previously. Here, it is preferable that filling of a raw 
material powder into a metal mold is conducted under as close 
condition as pcssibl e , . f rom the standpoint of increase in 
density of the finally obtained sintered silicon carbide jig. 
10 When this molding process is conducted, a bulky powder can 
be made compact previously in filling a sample for hot. press, 
therefore, by repeating this molding process, a molded body 
having .larger thickness can be produced easily. 

Fr. ess iii g i s co ndu c tod at a h ea ting t ernpe r a t. u r e in the ra ng e 
15 of 80 to ?00°c, preferably of 120 to 140°0 and a pressure in 
the rage of 60 to 100 kgt/cm^ so as to give a density of a 
r a w ma t e r i a 1 powd e r filled of 1.5 g / cm * o r mo r e , pret'e rab 1 y 
1.9 g/cm or more and the pressed condition is kept for 5 r.o 
GO minutes, preferably 2 0 to 40 minutes, to obtain a melded 
20 body composed of a raw material powder. Here, it becomes more 
difficult to increase the density of a molded body when the 
average par tide size of a powder is smaller, and for increasing 
density, i t is pref erabl e to adopt a method of vibration f ill ing . 
and the like in placing into a moldir.gmeta 1 mo Id . Speci f ica 1 ly , 
25 it is more preferable that the density is 1 . 3 g/cm 3 or more 
in the case of a powder having an average particle size of 
about 1 |l:n and the density is 1.5 g/cm' or more in the case 
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10 



of a powder having an average particle size of about 0.5 Mm. 
When the density is less than 1 . 5g/cm' or 1 . 8 g/cm 3 at r espective 
particle sizes, it is difficult to increase the density of 
the finally obtained sintered silicon carbide jig. 

This molded body can be subjected to cut working so as 
to be suitable for a hot press mold previously used before 
subjecting to the sintering process. This mo.ded body is 
placed in a molding metal mold under a non-oxidation atmosphere 
emperature of 2000 to 2400°C and a pressure of 300 to 
700 kgr/ctrT, and subjected to a process of hot press, namely, 
to the sintering process , toobtain a first sintered body having 
high dens icy and high purity. 
<Process <b) > 

Given working treatment, is effected on a first sintered 
15 body produced by the above-mentioned process (a) , to produce 
a second sintered body. For example, when a first sintered 
body is formed into cylindrical form in conducting the hot 
press treatment in the above-mentioned process (a), slice 
working is performed along the radial direction of this first 
wintered body to produce a second sintered body approximately 
in the form of disc. As the working method , there are mentioned 
discharge working and mechanical working, and from the 
standpoints of effective utilization of a sintered body and 
short working time, discharge working is suitably used. The 
25 above-mentioned discharge working is not particularly 

restricted , and car. be conducted under appropriately selected 
conditions using a know method and a commercially available 



20 
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discharge working appara tus . In l.he case of discharge working , 
a discharge wire is used, and as the discharge wire, 
commercially available products can be suitably used, and any 
of a brass wire, coated wire and the .like may be permissible. 
5 Usually, Lhe discharge wire is always. kept under no-loose 
cor.dii.ior. between a delivery part delivering the discharge 
wire and a winding part, winding the discharge wire delivered 
from the delivery part by a wire automatic feeding apparatus. 
The above-mentioned wire automatic feeding apparatus is so 

10 designed that the above-mentioned delivery part and the 

above-mentioned winding part can move simultaneously along 
a direction vertically crossing the delivery direction of the 
above-mentioned discharge wire. 

Regarding Lhe cibo ve-men ticneu discharge working 

15 rondi tions, i t is general that vol tage between ojoctrod^s not 
loaded on a discharge wire is about 60 to l. r ;0 V, the cutting 
amount is about 3C to 50 mm 2 /minute , the injection pressure 
oL insulating liquid injected from the upper dice and the lower 
dice is about 10 to 20 kg/cm', and temperature is about 20 

20 to jC°C. 

The above-mentioned mechanical working treatment is not 
particularly -restricted and can be conducted under 
appropriately selected conditions using a known method and 
a commercially available mechanical working apparatus. 
25 -process (c)> 

The second sintered body produced as described above is 
subjected to heating and pressurizing treatment under an argon 
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atmosphere at a temperature of 2200 to 2300°C and a pressure 
of 0.05 to 0.1 kgC/em 1 . When the above-mentioned heatinq 
treatment temperature is less than 2200'C. impurities in the 

second sintered body are not sufficiently removed, and when 
5 OV er 2300«C. there is a possibility of sublimation of a powder 

or molding material . undesirably. When pressure is less than 

O.OSkgf/cm-. air. invades a furnace, and when over 0.1 kgf/CTf*. 

a pressurization vessel (furnace vessel) is obstructed. 

■j rides i t «-bly . 

10 Preferably, the above-mentioned second sintered body is 

heated at a temperature rising rate of 5'C/min or less up to 
heat treatment temperature selected in the range of 2200 to 
2'iOO-C under an argon atmosphere at a pressure of 0.08 Hgt/cm*. 
v ,,ptat this temperature for 3 hours , and cool ed at a temperature 
15 lowering rate of Vc /min or less down to 1000»C. When the 
temperature rising rate is over S°C. /min . there is a possibility 
of generation of strain on the sintered body, and when the 
temperature lowering rate is over 3'C /min. there is a 
possibility of generation of strain on the sintered body or 
20 cracking of the sintered body. 

M ,_ er - h(! temperature in the furnace lowers to room 
temperature, the sintered body is immediately removed, and 
around a temperature of about 2S°C, the above-mentioned third 
sintered body is removed and subjected to the subsequent 

25 process. 

EProcesses (d) (e) > 

The third sintered body obtained by the above-mentioned 
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process is subjected to surface working, washing and the like 
depending on use object, to obtain a sintered silicon carbide 
jig. 

In this case, surface working, washing and the like are 
not particularly iest.rict.ed , and can be conducted using a known 
a p p a r a t u s a n d rn e t h o d . For e x a mj> 1 e , sur face working is 
conducted by polishing the surface of the third sintered body 
using an apparatus such as a rotary grinder and the like or 
controlling the roughness of the surface of the sintered body. 
The above-mentioned washing is conducted, for example, by 
immersing the third sintered body to be washed in washing 1 i quid 
or by performing flashing, ultrasonic treatment and the like 
o n t h e t h i r d sinter ed body . 

Thus, a s i 1 1 Le l cd bii icon carbide jig is p t odu cea by t h e 
a b' v e - n :e r. t i o n e d production m e t h o<j . A .s j p. t r e d si 1 i co n 
carbide jig produced by the above-mentioned production method 
has extremely low impurity concentration. Namely, the Fe 
concentration on the surface of a sintered si-icon carbide 
jig obtained by -he embodiment of the present invention is 
0 . Sxlfr * r atms/car or less , preferably 0 . ^xi(r° atms/crrr or less . 
The total content of impurities in a sintered silicon carbide 
jig obtained by the embodiment of the present invention is 
f> pprn or less, preferably 3 ppm or less, more preferably i 
ppm or Jess, further more preferably 0.5 ppm or less. From 
the standpoint of application to the semiconductor industry 
field, the impurity content measured by chemical analyses has 
only a meaning of reference. Practically, eva ] ua t.ion d i f f ers 
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dependiny on whether impurities are uniformly distributed, 
or localized. Therefore, in general, those skilled in the 
art. evaluate to what extent a wafer is polluted by impurities 
under given heating conditions using a practically apparatus , 
5 by various means . According to a production method comprising 
., calcination process in which a liquid silicon compound, a 
nonmetal -based sintering aid and a polymerization or 
cross- linking catalyst are uniformly mixed to obtain solid 
wh i ch is ca rbonated by heating under a non-ox ida Lion a tmosphe , e 
10 before further calcination under a non-oxidation atmosphere, 
the total content of impurities other than silicon, carbon 
and oxygen contained in the sintered silicon carbide can be 
lower to 1 ppm or less. 

Further, a sl.-t^ed silicon carbide jig obtained by the 
15 embodiment of the present invention has been treated 

•sufficiently to gethigh density and has a density of 2.9 g/cm' 
or more. When the density of the resulted sintered body jig 
is less than 2.9 g/cm , dynamic properties such as bending 
strength, fracture strength and the like and electrical 
20 properties decrease, further, particle increases and a 

pollution property deteriorates, undesirably. The density 
of the sintered silicon carbide jig is more preferably 2.9 

g/crn' or more. 

in general, when the sintered body jig is a porous body, 
25 problems such as limited use and the like occur from the 

f ol lowing ground . The ground includes as poor heat resistance , 
oxidation resistance, chemical resistance and mechanical 
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strength, poor washing property, and poor material properties 
such as occurrence of small, cracking to produce small pieces 
as a pollution substance, generation of gas permeability, and 
the like. However, such problems are extremely hard to occur 
5 when a sintered silicon carbide jig of. the embodiment of the 
present invention is used. 

Tn addition , a sintered silicon carbide j ig sintered under 
an argon aunosphere obtained in the embodiment of the present 
invention has physical properties as described below in 

10 preferable embodiments. For example, the bending strength 
at room temperature is 500 to 650 kgf/mnT, the bending strength 
at 1500°C is 550 to 800 kyf/nun 2 , the Young's modulus is 3.5xio 4 
to 4.5x10'", the Vickers hardness is 2000 kg* /mm 2 or more, the 
Frisson's ratio is 0.14 to 0.21, the thermal expansion 

15 coefficient is 3.Qxio c - to 4.2x10'* (°C the- thermal 

conductivity is 150 W/m»k or more, the specif ic heat is 0.15 
toO. 13oal/g»°C, che thermal shock resistance is 50C to 700At°C, 
tne specific resistance is 0.0lQ-crn or more. 

A sintered silicon carbide jig obtained by the embodiment 

20 0 f the present invention has the physical properties as 
described above, therefore, is used for semiconductor 
production parts, electron information equipment parts and 
the like. As the main semiconductor production apparatus in 
which parts made of a sintered body of the embodiment of the 

25 present invention are used, there are listed, for example, 
an exposure apparatus , resist treatment apparatus, dry etching 
apparatus, washing apparatus, heat treatment apparatus , ion 
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-section apparatus, CVD apparatus, PVD apparatus, dicing 

apparatus and the like, and examples of the parts Include a 

plasma electrode for a dry etching apparatus, a protective 

,-ing (focus ring) . a slit part (aperture, for an ion injection 

5 apparatus, a protective plate for an ion generation portion 

or mass spectrometry portion, a dummy wafer used in wafer 

treatment in a heal treatment apparatus or a CVD apparatus, 

a heat generation heater in a heat treatment apparatus, CVD 

o -n ,m-,rat.us particularly, a heater having a 
apparatus or PvD apparatus, h<- 

, <™ rlirectlv heating a wafer, and the like. 
10 lower portion uifti.iiy !-•-<= j 

As the electron information equipment part, listed are 
a disc foundation bed tor a hard disk apparatus, a membrane 
M g„ctic head foundation bed and the like, and a sputtering 
for formaLi.,n of o membrane on the surface of a 

ri „ r or on various sliding surfaces in also 
15 photomagnet cn«« -•• •" 

involved in this part. 

As the optical part used, reflection mirrors for 
,ch.rotron radiation (SR) . laser beam, and the like are also 



s v r. 



20 



involved . 

The production method of the embodiment of the present 
invention has been explained using the listed embodiments, 
however, the embodiment of the present invention is not 
construed to be limited to these embodiments. Therefore, in 
the production method of the embodiment of the present 
25 invention, known heating furnaces and reaction, apparatuses 
can be used considering the pressure resistance of a sintering 
id without particularly being limited to production _ 
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apparatuses and tho like provided tha t -he abovp-mentioned 
heating conditions can be satisfied. 

Regarding the purity of a silicon carbide powder which 
is a raw material powder of the embodiment of the present 
invention, a silicon source and a nonmeta 1~ based sintering 
a i d for p roducing a raw ma to r i a 1 powd or, further, and f u r t h e r , 
a : ; i n e r I g a s u s ed f o r ma V. i ng a no n - o x i d a t i o n atmosphere, it 
is preferable that the content of each impurity element is 
1 pprn or less, however , the content is not uecessa: ily 3. i mi ted 
zo this providing it is in the range in which purification 
in heating and calcination processes is permissible. The 
impurity elements here include elements belonging to group 
T to group XVI in the periodic table according to 1989 TUPAC 
inorganic chemistry nomenclature revised edition, having an 
a torn i c n umbo r or 3 o r more, and excluding e 2 erne n z. s h a v i ng a n 
fil.omic number of 6 to 3 and 14 _o 16. 

Examples 

The following examples and comparative examples will 
.20 describe the present invention specif ical 1 y , but it is needless 
to say that the scope of the present invention is not J i mi ted 
to the following examples. 
(Example 1) 

<?roduction of molded body> 
25 90 g of a silicon carbide powder of high purity (average- 

par tide size 1 . 1 um: si licon carbide powder having an impuri ty 
content of 5 pprn or loss produced according to the 
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above-mentioned production method filed as Japanese pa Lent 
Application No. 7-241856: containing 1.5 wt% silica) and 10 
q of a high purity liquid resol type pheno, resin having a 
water content of 20% (actual carbon ratio after thermal 
5 decomposition: 50%) dissolved in 150 g of e.hanol were stirred 
for IS hours for sufficient mixing in a plane- ball mill . Then , 
Lhe mixture was heated at 50 to 60°C to evaporate ethar.ol to 
dryness, and applied on a sieve of 500 Mm to obtain a uniform 
silicon carbide raw material powder. 
10 .-Production of sintered body> 

3 kg of this raw material powder was placed in a graphite 
mold having a diameter of 160 mm, and subjected to hot press 
under the following conditions using a resistance heating mode 
hot pi ess -s a huL pier-;- apparatus.. 
16 The powder was heated from room temperature r.o 700°C over 

C hours under a vacuum condition of 10"'' to 10 4 torr. and kept 
a- the same -empe.ature for 5 hours (first temperature rising 
.process) . Next, the powder was heated from 700V: to 1200°C 
over 3 Hours under a vacuum condition, further heated from 
20 1200°C to 1500°C over 3 hours, and kept at the same temperature 
for 1 hour, (second temperature rising process) . Further, the 
powder was pressed at a pressure of 500 kgf/cm 2 , heated from 
1500°O to 2200°C over 3 hours under an argon atmosphere, and 
kept at the same temperature for 1 hour to obtain a first sintered 
25 body (hot press process) . 
<rWorki.ng fre.3l.ment> 

Slice working was conducted along the radius direction 
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of. rhe re.su.l-ed rirsi sintered body using a wire apparatus 
manufactured by Mitsubishi Electric Corp. , reproduce a second 
sintered. body approximately in the form of disc having a 
diameter of ISO mm and a thickness of 2 mm. 
< i • o a t i n g t r e a t n \ o r \ t > 

The resulted second sintered body was placed in a heating 
Ciirr.ace .. The second sintered body was heated at a temperature 
rising rate of 4°C/rnin up to a maximum heating treatment 
tempera cure of 3GG°C, and kept, at the same temperature for 
3 hours: Then, the sintered body was cooiod at a temperature 
lowering rate of 3°C/min down to 1000°C, then, forcibly cooled 
to obtain a third sintered body. The third sintered body was 
removed from the heating furnace at a removal temperature of 

0 °C , a i id s ub j ec '_ ed Lo t he foil ow i r t g p roc r- 3 s . 
^Surface working, wasfir:y> 

The resulted third sintered body was subjected to surface 
working using a rotary grinder, and the third sintered body 
after surface working was immersed into a treatment liquid 
bath containing pure wa ter and an acid for 30 minutes for washing 
tnereor In this procedure, washing was conducted while 
irradiating the above-mentioned treatment liquid bath with 
an u 1 1 ra s on i c wave. 

Thereafter, the impurity concentration of the dried 
sintered, silicon carbide jig was measured. 

The. physical properties of the sintered silicon carbide 
jig obtained in i-.'xamp; e 1 were measured in detail to find that 
the bending strength at room temperature was 570 kgf/rnin 2 , the 
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bending strength at 1 500«C «s 600 fcgf W . the Young • s modulus 
wi>s 4 . 1 *10« . the Poisson • s ratio was 0 . 15 , the therma 1 expansion 
coefficient was 3.9x10 ' (°C : , , the thermal conductivity was 
200 W/m-h or more, the specific heat was 0.16 cal/g-'C and 
„.e thermal shock resistance was 530AT°C. as other physical 
properties than those described above, confirming that all 
of tt ,o Physical properties required for a sintered silicon 
carbide jig were satisfied. 
(Example 2) 

A sintered silicon carbide jig was produced in the same 
manner as in Example 1 except that the heating treatment 
tempera,., re was set at X2M)°C, and its impurity concentration 
was measured, 
(r.xample 3) 

A sint. -red silicon carbide jig was produced in the same 
r.ner as in Example 1 except that the maximum temperature 
keeping time was changed to 2 hours and its impurity 
concentration was measured. 
(Comparative Example 1 ) 

A sintered silicon carbide jig was produced in the same 
nner as in Example 1 except that the heating treatment at 
2200 to2300°Cwas not conducted, and its impurity concentration 
was measured. 

The resul-s in Example 1 to 3 and Comparative Example 1 
25 are summarized in Table 1. 
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Table 1 
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0.14 





0.00 




L T ni.t of 







Example 2 


1 Comparative 
Example 3 • 

i Example 1 
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0.16 j 0 . 66 
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ion in -ah!p is xi0' c atm/cm 1 ' 
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F r on i t h e abo v e - me nt: onod results, i t was co n f i rmed th a t 
impui iiy (juiacuriLiation Can be simply reduced according to the 
ex amp I es . 

Th o i: g h o n 1 y t h e r e s u 1 r. s o f mo asuremer.t o f t h e 
'concentrations of Fo and Ni which are main impurities in 
p rod ucirg s ami co nd u c to r parts and the like are doscri bed , i t 
was confirmed that other impurities can be suitably removed 
1 iV.e F*=» and Ni according to the examples. 
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INDUSTRIAL APPLICABILITY 

The present invention can simply increase the purity of 
a sintered silicon carbide jig used for production of 
semiconductors , by having the constitution as described above. 

Further, a sintered silicon carbide jig of high purity 
used for producing semiconductors is provided. 
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WHAT IS CLAIMED IS: 

1 . a method of producing a sintered silicon carbide jig used 
for producing semiconductors, comprising: 

(a) sintering either a mixture of a six icon carbide powder 
and a norur.etal -based sintering aid or a molded body prepared 
from the powder mixture, by a hot press method to obtain a 
first sintered body, 

(b) subjecting the first sintered body to 

10 working-treatment to obtain a second sintered body, 

tc> subjecting the second sintered body to heat treatment 
und er an argon atmosphere at 2000 to 2400°C. to 
outward-diffusing impurities in the second sintered body to 
tauOV c the impurities to obtain a third sintered body, 
IS (d) subjecting the third sintered body to surface working 

treatment to obtain a sintered silicon carbide jig, and 
(o) washing the sintered silicon carbide jig. 

2 . The method of producing a sintered silicon carbide jig 
20 according to Claim 1 , wherein, in the process <c, , the second 
sintered body is subjected to heat treatment under an argon 
atmosphere at 220C to ?.300°C. 



3. The method of producing a sintered silicon carbide jig 
25 according to Claim 1 or 2, wherein, in the process <c) . the 
second sintered body is heated at a temperature rising rate 
of 5°C/it..in up to heat t re 



Qtrnent temperature selected in the 
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range from 2200 to 2300°C at a pressure of 0.05 to 0.1 kcj/cm* 
under ars argon fitmosphere, kept: at the heat treatment 
temperature for 1 to 5 hours, and cooled at a temperature 
lowering rate of 3°C/min down to 1000°C. 

5 

4. The- method of producing a sintered silicon carbide - ig 
according to any one .of Claims 1 to 3 , wherein the Fe 
concentration on the surface of the sintered silicon carbide 
jig aftei: the process (e) is O.Ox.1.0 1 " atms/cm 2 or less. 

10 

0. The method of producing a sintered silicon carbide jig 
according to any one o f CJ a ims 1 to 4 , wherein the total impurity 
concentration on the surface of the sintered silicon carbide 
jig after the process (e) is l.OxlO 1 ''' azms/cm 2 or less. 

15 

.6. A sintered si] icon carbide jig produced by the production 
method according to any one of Claims 1 to f> . 
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